Symbiotic bacteria have been reported to inhabit nodules within leaves of about 400 species in two unrelated dicotyledonous plant families, Myrsinaceae and Rubiaceae (14) . In contrast, only six species from three genera have been studied anatomically and bacteriologically to verify this relationship.
There are numerous bacteria which some investigators believe inhabit various other aerial structures of plants such as leaf invaginations are considered casual associations i n that the (e.g., glands, trichomes, and nectaries). These are considered casual associations in that the bacteria are not passed on from one generation to the next, nor is there any mutualism involved.
Bacterial leaf nodules are here defined as internal cavities in the leaf lamina, open t o the exterior by way of stomata1 pores only in early stages of nodule development. The bacteria inhabiting such nodules are part of a population maintained by the host plant in the vegetative and floral buds and passed to succeeding generations through the seeds.
On the basis of this definition, leaf nodules are presently recognized only in three genera, Ardisia of the Myrsinaceae, and Pavetta and Psychotria of the Rubiaceae. Members of three other families with distinct bacterial associations are excluded because they do not correspond t o our definition of nodules: Dioscorea [Dioscoreaceae (23) ], Cassia [Leguminosae (24) ], and Cienfugosia [MaZvaceae (1 3 ) ) . Bacterial symbioses also have been reported from several other families in which bacteria are associated with glands (14) . In this paper, the literature pertaining to the nomenclature of leaf-nodule bacteria is reviewed.
RESULTS AND DISCUSSION
Previous workers have identified bacteria within leaf nodules and buds and seeds of nodulated plants; the isolations have been typically successful from buds and seeds, but only occasionally from nodules. The isolation and identification of nodule bacteria were done initially by Miehe (17) Myrsinaceae. Miehe (1 7), the first to describe a leaf-nodule bacterium from Ardisia crispa, pointed out the cyclic nature of the symbiosis within the plant (based on anatomical studies) and clearly outlined the differences between leaf-nodule and root-nodule bacteria. He described the bacterium only in the host plant under the name Bacterium foliicola. Miehe ( 18) later characterized the bacterium in pure culture and changed the name to Bacillus foliicola,, using this name consistently in his later papers (19, 20) . He was never able to successfully reinoculate crippled plants (20 In a later publication by Bettelheim, Gordon, and Taylor (2), much of the information presented by Gordon was used; in addition, they elaborated on the cultural characteristics of the isolate and compared it to known reference cultures. They concluded that their bacterium belonged to Chromobacterium lividum and that it be considered the leaf-nodule symbiont of both plant families.
Rubiaceae. Zimmermann (30) showed anatomically that the nodules of four Pavetta species contained bacteria, as did Boas (3) in two species of Psychotria. Neither isolated nor named the bacteria.
Von Faber (26) investigated the symbiosis in Pavetta and Psychotria and, like Miehe (17), pointed out the cyclic nature of the bacteria within the plants. He regarded his isolate as a new species and named it Mycobacterium rubiacearum. Von Faber (27) reintroduced the isolate into crippled plants and showed that it was the symbiont. As stated previously, Miehe (18) suggested that von Faber's isolate should be named Bacterium rubiacearum.
Georgevitch (9) and Rao (22) isolated bacteria from Kraussia (Psychotria) and Pavetta species, respectively. Neither one named his isolate, but each gave a few characteristics. De Vries and Derx (8) gave the name Mycoplana rubra to the companion of the nodule-bacterium they consistently isolated from various sources, including nodulated species of Pavetta and Psychotria. Adjanohoun (1) isolated a bacterium from Psychotria calva and said it had certain "flavobacterium-like" characteristics. N o specific name was given, however. Ziegler (29) After more than a half century of sporadic investigations, the status of the leaf-nodule bacteria is still uncertain. Of the eight bacterial genera mentioned in the literature as being associated with leaf nodules, four can be discarded: Bacterium is disallowed by the rules of nomenclature, R hizobium by its generic definition, Bacillus by Opinion 4, which excludes non-endospore-forming bacteria, and Mycobacterium because it excludes gram-negative bacteria. Of the four remaining genera, Xanthomonas comprises 60 species, most of which are considered plant pathogens affecting various aerial organs of both monocots and dicots. None have been described from members of either the Myrsinaceae or Rubiaceae. Klebsiella rubiacearum has been studied by various workers using DNA base ratio and hybridization techniques and has been reported t o be identical to K. pneumoniae. Kern (12) carried out serological tests on several taxa, including his own bacterial isolates of several leaf-nodulated species and K . rubiacearum ATCC 15574. His findings reinforce the previous results and, therefore, cast some doubt on whether K. rubiacearum is in fact the leaf-nodule symbiont.
The two remaining genera, Phyllobacterium and Chromobacterium, are better documented as containing leaf organisms. Knosel ( 13) specifically created Phyllobacterium (family R hizobiaceae) for leaf-nodule bacteria which he isolated and characterized from nodules of both plant families. Chromobacterium, also in the family Rhizobiaceae, contains common soil and plant organisms, which by serological methods have been detected in various aerial structures of nodulated plants.
On the basis of the works cited above, the strongest evidence suggests that Phyllobacterium and especially Chromobacterium may be the true leaf-nodule bacteria. The choice of Chromobacterium lividum as the sole symbiont as determined by the antigen-antibody technique of Bettelheim, Gordon, and Taylor (2), however, will have t o be assessed by other studies, since the identification of the bacteria involved will have far-reaching implications regarding all aspects of leaf-nodule symbiosis. For these reasons, and because of the need to reinvestigate the results presented for Xanthomonas and Klebsiella, the following organisms should, for the present, be considered as possible leaf-nodule bacteria: Chromobacterium lividum, Phyllobacterium foliicola, P. rubiacearum, Xanthomonas hortoricola, and Klebsiella rubiacearum.
